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A previously reported technic of combined
enzyme-staining and microdissection of neph-
rons permits topographic analysis of the distri-
bution of enzyme activities along the different
segments of renal tubules (1). The practica-
bility of microdissection of sweat glands (2)
suggested that application of these histocherni-
cal methods to sweat glands would offer com-
parable demonstration of enzyme activity in
secretory (coil) and excretory (duct) portions,
and would have the advantage over thick fro-
zen sections in dealing with isolated and easily
manipulated units.
METHOD
Fresh frozen portions of skin obtained at au-
topsy or by biopsy, including epidermis and der-
mis, are cut into slices 200 to 240 microns thick
with a freeziog microtome. They are treated for
the detection of the enzymes listed below:
Group 1. Enzyme stains whose colored product
resists formalin fixation and maceration by hydro-
chloric acid include:
alkaline phosphatase, azocoupling method of
Burstone (3)
acid phosphatase (3)
aliesterase (4)
cytochrome oxidase, using N-phenyl-p-pbenyl-
ene diamine and 1-hydroxy-2-acetonaphthone
(5)
After enzyme staining, the sections are transferred
to 10% formalin for 7 days and then macerated in
concentrated hydrochloric acid for 15 to 24 hours
at room temperature, as described by Oliver (6)
and Darmady (7) for microdissection of nephrons.
Group II. Enzyme stains whose colored product
is preserved by maceration in collagenase include:
monoamine oxidase (5)
succinic dehydrogenase (9)
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malic dehydro-
genase nitro-blue tetrazolium re-
glutamic dehydro- duction of Nachlas (10, 11,
genase 12 13)isoeitric dehydro-
genase
diphosphopyridine nucleotide diaphorase (14)
triphosphopyridine nucleotide diaphorase (14)
leucine aminopeptidase (15)
After staining, the unfixed sections are incubated
in a solution of 0.1% collagenaset in phosphate
buffer at pH 7.4 for 3 to 6 hours at 37° C, accord-
ing to the technic described by Hambrick (16).
After either method, the tissue slices are placed
in distilled water and dissected under a stereo-
scopic microscope. Isolated sweat glands are
mounted in water on a slide and coverslipped for
photography. To date, demonstration of phos-
phorylase (17) has been unsatisfactory in that the
colored product is not preserved after maceration
in collagenase or hydrochloric acid.
RESULTS
Examples of the results obtained by combined
enzyme staining and microdisscction are shown
in Figures 1—4.
Table I summarizes the data obtained from a
normal specimen of skin removed 2 hours after
death from the trunk of a 22 month old female.
DISCUSSION
The relative abilities of hydrochloric acid and
collagenase to preserve the colored products of
enzyme stains during the maceration step pre-
ceding microdissection have been discussed in a
previous paper (1). The present study has con-
firmed the finding that collagenase preserves the
products of various DPN- and TPN-linked de-
hydrogenases, and of monoamine oxidase. Col-
lagenase also gives good results with leucine
amino peptidase. Hydrochloric acid preserves
the products of the acid and alkaline phos-
phatase methods used, of cytochrome oxidase
and of non-specific esterase. As was also found
for nephrons, after collagenase maceration,
* Collagenase Form II. Agricultural Biochemi-
cals Corporation, Lynbrook, New York.
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FIG. 1 AND 2. Normal skin from a 3½ month old male infant removed at autopsy 6 hours
after death. Frozen section. Azodye coupling method of Burstone for alkahne phosphatase
activity. Hydrochloric acid maceration. Microdissection of sweat gland. Elective localiza-
tion of enzyme activity in the deeper coils of the secretory portion. (X 60 and >( 150)
sweat glands are more fragile and more difficult
to free from adherent connective tissue.
The patterns of enzyme activity observed in
microdissected sweat glands agree with those
described by Montagna from histochemical sec-
tions (18). Alkaline pbosphatase is restricted
to tbe deeper coils of the secretory portion.
Acid phosphatase, leucine aminopeptidase and
to a lesser degree esterase are present in the
secretory coil in greater activity than in the
duct. The various dehydrogenases, monoamine
oxidase and cytochrome oxidase on the other
hand, show comparably strong activity in both
secretory and excretory portions. However, the
significance of the localization of the formazans
produced by these dehydrogenase procedures
and of the enzymatic specificity of many of
the methods is still controversial (10). The
greater activity in the secretory portion of acid
phosphatase and possibly other hydrolytic en-
zymes generally identified with lysosomes (19,
20) raises the possibility that these structures
are more abundant in the coil. The striking
localization of alkaline phosphatase to the distal
secretory portion of sweat glands and its re-
ported concentration along the luminal borders
and the canaliculi between the secretory cells
(19) resemble the patterns of distribution of
this enzyme in kidney tubules (21), intestinal
epithehum (21), and liver cell cords (21), and
are consistent with the proposal that alkaline
phosphatase has, at least in some cell types, a
relation to membrane transport mechanisms
(22).
SUMMARY
The technic of combined enzyme staining and
microdissection of sweat glands is described.
r
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Fm. 3. Normal skin of a 22 month old female child removed at autopsy 2 hours alter
death. Frozen section. Azodye coupling method of Burstone for acid phosphatase activity.
Hydrochloric acid maceration. Microdissection of sweat gland. The secretory portion shows
a higher activity than the excretory duct. (X 125)
TABLE I
Distribution of enzyme staining in microdissected sweat glands
Enzyme staining equal in secretory and
excretory portions of sweat apparatus
Enzyme staining predominantly in secretnry
poetion of sweat apparatus
Enzyme staining limited tn deeper cnils of
secretory portion of sweat apparatus
Suecinic dehydrogenase Acid phosphatase Alkaline phosphatase
Malic dehydrogeuase Aliesterase
Glutamic dehydrogenase Leucine amino peptidase
Isocitric dehydrogenase
DPN diaphorase
TPN diaphorase
Monoamine oxidase
Cytochrome oxidase
With the staining methods used, alkaline phos-
phatase is found in the distal secretory portion,
whereas acid phosphatasc, leucine amino-
peptidase, and to a lesser degree, non-specific
esterase are more abundant in the secretory
coil than in the excretory duct. Several dehy-
drogenase enzymes, monoamine oxidase and
cytochrome oxidase are more uniformly distrib-
f .r, .
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Fm. 4. Normal skin from a 3½ month old male
infant removed at autopsy 6 hours after death.
Frozen section. NBT method of Nachlas for suecinic
dehydrogenase. Collagenase maceration. Micro-
dissection of sweat gland. The enzyme activity is
uniformly distributed in the secretory and excre-
tory portions. Coarse granules are observed in the
cytoplasm of the cells of the coil. (X 80)
uted in the cells of duct and coil. Although
the results are similar to those reported by
other workers using microscopic sections, the
method is considered to be of value in studies
on enzyme activities of sweat glands, by per-
mitting simultaneous analysis of the distribu-
tion of enzymes along the length of such glands.
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